The preventive effect of coffee on cancer at different sites has been reported, but the effect on all-sites cancer incidence has not been extensively investigated. We evaluated the association between frequency of coffee consumption and risk of all-sites cancer incidence and mortality among 39 685 men and 43 124 women (age 40-79 years, at baseline), in the Three-Prefecture Cohort Study. The association between frequency of coffee consumption and risk of all-sites cancer incidence and mortality was assessed by a Cox proportional hazards regression model, adjusted for potential confounders. During 411 341 person-years among men and 472 433 person-years among women, a total of 4244 men and 2601 women developed cancer at different sites and a total of 3021 men and 1635 women died of cancer at different sites. We showed an inverse association between frequency of coffee consumption and all-sites cancer incidence in both men and women. Comparing participants who consumed coffee with those who never drank coffee, the adjusted hazard ratios (95% confidential interval) for allsites cancer incidence was 0.74 (0.62-0.88) for coffee consumption of ≥5 cups/day in men (P for trend < 0.001) and 0.76 (0.58-1.02) in women (P for trend = 0.020). Coffee consumption frequency was inversely associated with mortality from allsites cancer. In this population, increasing coffee consumption resulted in a decreased risk of all-sites cancer incidence and mortality. C offee is one of the most widely consumed beverages (1) and almost 40% of adults drink coffee daily in Japan. (2, 3) Coffee contains a number of bioactive compounds, (4) and its anti-inflammatory effect, mediated by caffeine and chlorogenic acid, is well recognized. (2, 5) Research indicates that regular coffee consumption over a lifetime may have a beneficial effect for health.
The preventive effect of coffee on cancer at different sites has been reported, but the effect on all-sites cancer incidence has not been extensively investigated. We evaluated the association between frequency of coffee consumption and risk of all-sites cancer incidence and mortality among 39 685 men and 43 124 women (age 40-79 years, at baseline), in the Three-Prefecture Cohort Study. The association between frequency of coffee consumption and risk of all-sites cancer incidence and mortality was assessed by a Cox proportional hazards regression model, adjusted for potential confounders. During 411 341 person-years among men and 472 433 person-years among women, a total of 4244 men and 2601 women developed cancer at different sites and a total of 3021 men and 1635 women died of cancer at different sites. We showed an inverse association between frequency of coffee consumption and all-sites cancer incidence in both men and women. Comparing participants who consumed coffee with those who never drank coffee, the adjusted hazard ratios (95% confidential interval) for allsites cancer incidence was 0.74 (0.62-0.88) for coffee consumption of ≥5 cups/day in men (P for trend < 0.001) and 0.76 (0.58-1.02) in women (P for trend = 0.020). Coffee consumption frequency was inversely associated with mortality from allsites cancer. In this population, increasing coffee consumption resulted in a decreased risk of all-sites cancer incidence and mortality.
C offee is one of the most widely consumed beverages (1) and almost 40% of adults drink coffee daily in Japan. (2, 3) Coffee contains a number of bioactive compounds, (4) and its anti-inflammatory effect, mediated by caffeine and chlorogenic acid, is well recognized. (2, 5) Research indicates that regular coffee consumption over a lifetime may have a beneficial effect for health. (2) The International Agency for Research on Cancer Monograph working group has been discussing the association between coffee consumption and carcinogenicity, (6) but the association of coffee consumption with all-sites cancer mortality remains controversial. Indeed, preceding meta-analysis or cohort studies have reported that coffee consumption was associated with both reduced (3) and non-increased (1, 2, (7) (8) (9) risk of all-sites cancer mortality. However, its association with the risk of site-specific cancer incidence, such as breast cancer (10, 11) colon cancer, (12, 13) pancreas cancer, (14) (15) (16) liver cancer, (17) (18) (19) and prostate cancer (20) is also controversial. Furthermore, the effect of coffee consumption on all-sites cancer incidence has not been extensively investigated.
The Three-Prefecture Cohort Study is a prospective population-based observational study that targeted almost 100 000 inhabitants with a 15-year follow-up. We evaluated the association of coffee consumption with all-sites cancer incidence and mortality. Our hypothesis was that high frequent coffee consumption was associated with a reduced risk of all-sites cancer incidence and mortality among the Japanese population.
Materials and Methods
Study design, settings, and patients. The Three-Prefecture Cohort Study was originally a prospective observational study to assess the long-term effects of air pollution on mortality from lung cancer and respiratory diseases. Details of this target population and baseline survey method have been previously described. (21, 22) Briefly, the study areas were urban/rural areas in Miyagi Prefecture, Aichi Prefecture, and Osaka Prefecture, Japan. The study participants were all residents aged ≥40 years. A total of 117 029 self-administered questionnaires in sealed envelopes were distributed by hand to target individuals in cooperation with the municipal government in each area between 1983 and 1985. The total number of respondents was 104 567; of these, 100 629 were eligible subjects, excluding participants who duplicatedly answered a questionnaire or did not provide details of their name/sex/date of birth, as investigators could not follow the outcome data. We undertook this study in accordance with the Declaration of Helsinki and ethical guidelines for epidemiological research. The study was approved by the institutional review board of the National Cancer Center (Tokyo, Japan) and the Ethics Committee of Osaka University School of Medicine (Osaka, Japan). The agreement or permission for the baseline survey involving municipality residents was obtained from the municipal government with collaborators. Response to the questionnaire was deemed to represent agreement to participate in the survey.
In this study, we defined the study cohort as individuals aged 40-79 years at baseline, with a follow-up period ≥1 day, and providing information on frequency of coffee consumption. We excluded the following: 19 persons whose date of beginning of follow-up was unified in each area after various dates of individual response to the questionnaire, 3568 persons aged ≥80 years, and 14 233 persons who did not answer the question on coffee consumption. Finally, our study population consisted of 82 809 persons (39 685 men and 43 124 women; Fig. 1) .
Follow-up. The follow-up period was defined as 15 years from the baseline survey in each study area. Vital status, date of death, and date of move from the study area were confirmed by the local government using residence certificates. The cause of death was identified by a death certificate. Cancer incidence and date of diagnosis were identified from prefecture-wide population-based cancer registry data. The follow-up period of cancer incidence was defined as 15 years from baseline survey in Aichi Prefecture and Osaka Prefecture, and 9 years from baseline survey in Miyagi Prefecture. The follow-up period was defined as 15 years from baseline survey in the three prefectures.
Key group definition. The coffee consumption frequency self-questionnaire in Aichi Prefecture and Osaka Prefecture distinguished between instant coffee and brewed coffee, whereas the coffee consumption information in Miyagi Prefecture used a single variable, with no distinction between type of coffee. Therefore, we merged two variables of coffee consumption frequency according to the combination in Table S1 . Finally, we defined the categories of coffee consumption per participant, as follows: never, sometimes, 1-2 cups/day, 3-4 cups/day, and ≥5 cups/day.
Study end-points. The main outcomes were all-sites cancer incidence and mortality. We used the International Classification of Diseases, 9th revision (ICD-9), for data between 1983 and 1994, and the 10th revision (ICD-10), for data between 1995 and 2000, to classify the all-sites cancer (ICD-9, codes 140-208; ICD-10, codes C00-C97). (1, 2) Statistical analysis. In this study, we undertook analyses according to sex. The v 2 -test was used to compare the baseline characteristics by coffee consumption category. When cancer mortality rates were calculated, person-years of follow-up for mortality were counted from the date of the baseline survey to the first event occurring out of the following: date of death, date of move-out from the study area, or the end of follow-up. For cancer incidence rates, date of diagnosis of the first primary cancer was added to the above list. A multivariate Cox proportional hazard regression model was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the association between coffee consumption and all-sites cancer incidence/mortality.
The 20 -39 pack-years, and ≥40 pack-years], or unknown); frequency of alcohol consumption (never, past, occasional, or almost every day, and unknown); rice consumption (0-1, 2, 3, 4, 5, and 6-25 cups/day, or unknown); consumption of food items, such as bread, meat, fish, egg, milk, green and yellow vegetables, non-green and non-yellow vegetables, fruit, miso soup, pickled vegetables (almost never, 1-2 times/month, 1-2 times/week, 3-4 times/week, almost every day, or unknown); beverages, such as black tea or green tea (almost never, sometimes, 1-2, 3-4, and ≥5 cups/day, or unknown); job type (professional, technical, civil, managerial, clerical, sales, agricultural, forestry and fisheries, construction, transport and communications, craftsman, production process personnel, laborer, security personnel, service personnel, unemployed, or unknown); history of hypertension (current, past, never, or unknown); history of diabetes (current, past, never, or unknown); history of stroke (current, past, never, or unknown); and history of heart disease (current, past, never, or unknown). Subgroup analysis according to smoking history (current, never) was carried out using the multivariable Cox proportional hazard model for all-sites cancer incidence or mortality, to check the effect of residual confounding and/or the effect modification by smoking. To evaluate reverse causation, we estimated the risk of mortality excluding participants who died within 3 years from baseline. The effect modification was evaluated by P-values for the association with smoking status. In addition, we evaluated the association between allsites cancer and coffee consumption frequency in each prefecture as a sensitivity analysis. All analyses were undertaken with STATA version 13 MP (Stata Corp., College Station, TX, USA) and the statistical significance level was set at 0.05. Tables 1 and 2 show baseline characteristics of the study cohort by coffee consumption frequency and sex. Compared with men who did not drink coffee, those who consumed high amounts of coffee were more likely to be young, smoke cigarettes, and eat foods such as bread and meat; they were less likely to be current drinkers of alcoholic beverages, eat foods such as rice, fish, green and yellow vegetables, nongreen and non-yellow vegetables, and miso soup, and drink beverages such as milk and green tea. Similar trends were observed among women. In addition, Table S2 shows the coffee consumption frequency by prefecture and sex. In both sexes, the proportion of participants with coffee consumption ≥5 cups/day was high in Osaka Prefecture and the proportion of participants who never consumed coffee was high in Miyagi Prefecture. Table 3 shows HRs of all-sites cancer incidence by coffee consumption frequency and sex. The risk of all-sites cancer incidence significantly decreased with increasing coffee consumption frequency among men (P for trend < 0.001) and women (P for trend = 0.020). The adjusted HR was significantly lower among men with coffee consumption ≥5 cups/day than among those with who never consumed coffee (adjusted HR, 0.74 [95% CI, 0.62-0.88]). The adjusted HRs were marginally lower in women with coffee consumption ≥5 cups/ day than among those who never consumed coffee (adjusted HR, 0.76 [95% CI, 0.58-1.02]). Table S3 shows HRs of allsites cancer incidence by coffee consumption frequency and sex in each prefecture. The risk of all-sites cancer incidence tended to be lower in the coffee consumption group than in the non-coffee consumption group in each prefecture.
Results
The adjusted HRs of all-sites cancer mortality rates by coffee consumption frequency and sex are presented in Table 4 . An inverse association was observed between coffee consumption frequency and all-sites cancer mortality rates among men (P for trend < 0.001) and women (P for trend = 0.047). In men with high frequency of coffee consumption, a lower HR was observed for all-sites cancer mortality (adjusted HR for ≥5 cups/day vs never, 0.71 [95% CI, 0.58-0.88]). In women, adjusted HRs of all-sites cancer mortality were marginally lower among those with a coffee consumption ≥5 cups/day than among those who never consumed coffee (adjusted HR, 0.77 [95% CI, 0.54-1.10]). In addition, in an analysis to exclude subjects who died within 3 years from baseline, a similar inverse association was observed between coffee consumption frequency and all-sites cancer mortality among men (P for trend = 0.002) but not among women (P for trend = 0.299). For subgroup analysis by smoking status, the adjusted HRs between coffee consumption frequency and all-sites cancer incidence, according to sex and smoking status, are presented in Table 5 . Among current smokers of both sexes, increased coffee consumption frequency was significantly associated with a reduced risk of all-sites cancer incidence (P for trend = 0.002); however, this association was not found in men or women with no history of smoking. The interaction between coffee consumption frequency and smoking status was statistically significant for women (P for interaction = 0.025).
The adjusted HRs between coffee consumption frequency and all-sites cancer mortality by sex and smoking status are also shown in Table 6 . Higher coffee consumption frequency was significantly associated with lower all-sites cancer mortality among current male smokers (P for trend = 0.005), but no significant association was found for men with no history of smoking. Higher coffee consumption frequency in women was significantly associated with lower all-sites cancer mortality among women with current smoking (P for trend = 0.003), but was not associated with lower all-sites cancer mortality among women who never smoked. The interaction between coffee consumption frequency and smoking status was marginally significant for women (P for interaction = 0.055).
Discussion
In the Three-Prefecture Cohort Study, there was an inverse association between coffee consumption frequency and the risk of all-sites cancer incidence and mortality, among men and women. The association between a greater frequency of coffee consumption and reduced all-sites cancer incidence was similar to the results from a previous meta-analysis of 40 prospective Table 3 . Hazard ratios (HR) and 95% confidence intervals (CI) of all-sites cancer incidence according to coffee consumption category and sex in a Japanese cohort Model 1, adjusted for age-group, sex, and region. Model 2, adjusted for age-group, sex, region, history of hypertension, history of diabetes mellitus, body mass index, smoking status, alcohol drinking, type of job, rice consumption, bread consumption, meat consumption, fish consumption, egg consumption, milk consumption, green and yellow vegetable consumption, non-green and non-yellow vegetable consumption, fruit consumption, miso soup consumption, pickled vegetable, black tea consumption, and green tea consumption. Model 3, adjusted for age-group, sex, region, history of hypertension, history of diabetes mellitus, body mass index, smoking status, alcohol drinking, type of job, rice consumption, bread consumption, meat consumption, fish consumption, egg consumption, milk consumption, green and yellow vegetable consumption, non-green and non-yellow vegetable consumption, fruit consumption, miso soup consumption, pickled vegetable, black tea consumption, and green tea consumption. Men and women who had all-cause death within the first 3 years of follow-up were excluded. Ref., reference.
Never
Cancer Model 1, adjusted for age-group, sex, and region; Model 2, adjusted for age-group, sex, region, history of hypertension, history of diabetes mellitus, body mass index, smoking status, alcohol drinking, type of job, rice consumption, bread consumption, meat consumption, fish consumption, egg consumption, milk consumption, green and yellow vegetable consumption, non-green and non-yellow vegetable consumption, fruit consumption, miso soup consumption, pickled vegetable, black tea consumption, and green tea consumption. CI, confidence interval; HR, hazard ratio; Ref., reference. Model 1, adjusted for age-group, sex, and region. Model 2, adjusted for age-group, sex, region, history of hypertension, history of diabetes mellitus, history of stroke, history of heart disease, body mass index, smoking status, alcohol drinking, type of job, rice consumption, bread consumption, meat consumption, fish consumption, egg consumption, milk consumption, green and yellow vegetable consumption, non-green and non-yellow vegetable consumption, fruit consumption, miso soup consumption, pickled vegetable, black tea consumption, and green tea consumption. CI, confidence interval; HR, hazard ratio; Ref., reference.
Cancer cohort studies, suggesting that coffee drinking had no harmful effect and that coffee consumption frequency was inversely associated with the risk of all-sites cancer. (23) Our results showing the inverse association between coffee consumption frequency and all-sites cancer incidence and mortality provide valuable information for the prevention of cancer incidence and mortality in the general Japanese population. Importantly, our results also indicated that coffee consumption did not negatively affect cancer incidence in the Japanese population.
Our results showed that the risk of all-sites cancer mortality decreased among men and women who had a higher frequency of coffee consumption. However, the association between coffee consumption frequency and all-sites cancer mortality may differ by the cancer site. For example, coffee consumption frequency has been reported to be a protective factor for liver cancer. (17) (18) (19) Therefore, we also undertook a subgroup analysis excluding liver cancer incidence and mortality. The results for all-sites cancer mortality among men and all-sites cancer mortality among women were similar to those in model 2 ( Table 4 ). In contrast, the International Agency for Research on Cancer Monograph working group reported that coffee was classified as "possibly carcinogenic to humans" (Group 2B) in 1991, but was evaluated as unclassifiable as to its carcinogenicity to humans (Group 3) in 2016. (6) Thus, the balance of benefit and carcinogenicity by coffee consumption should be considered. The conclusion regarding the effect of coffee consumption on all-site cancer incidence and mortality would be also confirmed by further meta-analysis and pooled analysis using large-scale cohorts including our results.
The potential mechanism underlying the effect of coffee consumption on cancer incidence and mortality could be partly explained by the fact that coffee contains high concentrations of chlorogenic acid, (24) which might have a beneficial effect on inflammatory diseases. (25) An increase in plasma antioxidant levels (3, 26) and a reduction in the biomarkers of oxidative stress (24, 27) have been reported after drinking coffee. Long-term inflammation in the body could be attributable to carcinogens, (3) and high frequency of coffee consumption could decrease the risk of all-sites cancer incidence by inhibiting inflammation. Furthermore, in a previous study, (2, 3) and ours, the study subjects who did not consume coffee had a higher proportion of history of hypertension or diabetes than those with a high coffee intake. Therefore, the baseline health status of participants who never consumed coffee could be worse than that of participants with a high coffee intake, and the effect of coffee consumption may be greater among heavy coffee drinkers. (3) However, subgroup analysis, excluding cases of death occurring within 3 years from baseline, indicated that coffee consumption frequency was, nevertheless, significantly associated with a reduced risk of all-sites cancer mortality among men.
We carried out a subgroup analysis according to smoking status to determine any residual confounding by smoking. If smoking status were a residual confounder, the risk reduction with coffee consumption would be greater among non-smokers than among smokers. However, there was strong inverse effect on all-sites cancer incidence among smokers, and there was weak inverse effect or no effect on all-sites cancer incidence among never smokers. A potential explanation for this interaction is the following mechanism. Caffeine stimulates the production of cytochrome P450 enzymes, such as CYP1A2 or NAT2 in the liver, and these enzymes increase the metabolic activation of carcinogens, such as polycyclic aromatic hydrocarbons, in cigarette smoking. (28, 29) Therefore, caffeine may modify the increased all-sites cancer incidence risk caused by smoking. In addition, other factors, including sex, dietary components of food, beverages, and fitness level, also interact with caffeine metabolism. (30, 31) Although we could not explain the detailed mechanisms from our results, bioactive components as presented above may suggest the possibility of a strong decreasing effect among smokers.
Limitations. This study has several limitations. First, the three prefectures did not use the same questionnaire to assess coffee consumption, and the estimated coffee consumption could be higher than reported because the categories were combined. In the sensitivity analysis by prefecture, we also assessed the difference in the risk between prefectures; the risk of all-sites cancer incidence tended to be lower in the coffee consumption group than in the non-coffee consumption group in each prefecture. Thus, this difference by prefecture was small but the category combination was a limitation. Second, this study followed participants until 2000 and the lifestyles of this study might differ from current lifestyles in 2016. However, coffee consumption in Japan has remained at the same level since 2000. (32) Finally, we could not adjust for unknown confounding factors affecting the association between coffee consumption and cancer incidence and mortality.
In this cohort, increasing coffee consumption resulted in a decreased risk of all-sites cancer incidence and mortality.
